Introduction
Periodontitis is one of the most common microbial infections in adults. It is an inflammatory disease which is characterized by the loss of the tooth-supporting structures which leads to apical migration of the junctional epithelium along the surface of the root with progressive destruction of the periodontal ligament and the alveolar bone. The primary objective of regenerative periodontal therapy is to restore the lost periodontal tissues caused by periodontal diseases. To achieve this objective, various techniques and types of graft materials have been used with varying grades of success. [1] [2] [3] [4] [5] [6] [7] Autogenous bone grafts, considered as a gold standard graft material due to their excellent biocompatibility and osteogenic properties, were harvested from various
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For reprints contact: reprints@medknow.com intraoral sites. The disadvantage of using the autogenous bone graft was that it needs a second surgical site, unreliable graft incorporation, insufficient graft material, etc. [1, 2, 7, 8] To prevent this, alternative biomaterials have been investigated and were being used efficiently. Currently, natural bone substitutes, particularly the coral skeleton composed of calcium carbonate (CaCO3), have been used as a bone graft substitutes in the management of periodontal defects.
Avian eggshell with a mineral composition similar to that of coral (95%) has been studied as a bone graft substitute in the oral cavity. [9] [10] [11] The eggshell structure is well documented in literature. The organic matrix contains proteoglycans and proteins such as ovocleidin 116, ovotransferrin, ovalbumin, ovocalyxin-32, ovocleidin-17, osteopontin and lysozyme. Calcium, phosphorus, magnesium, and sodium are major inorganic constituents of the avian eggshell. The eggshell powder is a safe and biodegradable material that is easy to obtain as well. Clinical and experimental studies have shown a number of positive effects of eggshell powder on bone metabolism. These features qualify eggshell powder as a worthwhile bone substitute candidate. [12] [13] [14] [15] [16] Furthermore, eggshell-derived CaCO3 has been demonstrated to be efficacious as a biocompatible and osteoconductive biomaterial in several experimental animal studies. [17, 18] In addition to the bone grafts, a space maintaining barrier membrane (Guided Tissue Regeneration, GTR) allows enough time for the migration, proliferation, and maturation of periodontal ligament and bone cells. [19] A wide variety of GTR membranes have been developed which are non-resorbable and bio-resorbable. Each has its own advantages and disadvantages. Expanded polytetrafluoroethylene (e-PTFE), which is one of the non-resorbable membranes has a favourable space maintaining ability and better mechanical strength, although it requires a second surgical procedure for its removal. [20] Therefore, bioresorbable GTR membranes have been increasingly used, which are mainly made from natural biopolymers like collagen and from synthetic polymers such as the polylactic acid (PLA). Collagen membrane has optimal biocompatibility and cell affinity, although it is generally criticized on compromised mechanical property, unpredictable degradation rate, higher cost and technological complexity of the manufacturing process. [21, 22] Synthetic bioresorbable membranes show comparatively poor biocompatibility and their acid degradation products might result in an inflammatory response. [23] Considering the above disadvantages, an ideal barrier membrane has to be developed which will have good biocompatibility and the space-making ability for clinically predictable periodontal tissue regeneration.
The natural eggshell membrane is a non-calcifying bi-layered membrane between the egg albumin and the inner surface of the eggshell. It is composed of water-insoluble interwoven protein fibers that highly cross-linked by a lot of disulfide bridges. [24, 25] It has been discovered to contain types I, V, and X collagens, osteopontin, sialoprotein, sialic acid, lysozyme, ovotransferrin, uronic acid, clusterin, etc. [26] [27] [28] [29] [30] Zhao reported that bone marrow stromal cells (BMSCs) could grow and proliferate well on natural ESM and then concluded that ESM had the potential to be used as a bone tissue engineering scaffold. [31] These studies indicated that ESM has great biocompatibility, bi-layered fibrous topology and the ability to enhance the healing of damaged tissues, thus suggested that it can be a suitable candidate for GTR membrane.
Materials and Methods

Selection of subjects
All Wistar rats weighing between 180-300gms were selected for the study. A total sample size of five was chosen based on the study [31] using G power software. The study is of split-mouth design and the use of animals for experimentation was approved by the animal ethical committee of Saveetha University, Chennai, holding the number SU/CLAR/RD/014/2017. The study was divided into two groups, in which one group will receive DMBM and GTR membrane and the other group receives eggshell powder and its membrane as a regenerative material.
Surgical procedure
A critical size periodontal defect of 1.5 × 6 mm was created on either side adjacent to mandibular incisors after raising the full thickness periosteal flap. Demineralised freeze-dried bone matrix and second generation collagen membrane covered the defect on one side and the eggshell powder and its membrane filled the defect on the other side. The membranes on both sides were stabilized and sutured with 6-0 Vicryl suture. Postoperative analgesics and antibiotics were given.
The animals were sacrificed on the 45 th day postoperatively. The jaw bones were removed and en bloc biopsies were taken from the operated sites. All histological procedures were carried out in a histopathological lab. The obtained specimens along with the soft tissues were taken and sectioned for histopathological evaluation.
Preparation of hen`s eggshell as a graft material
Chicken eggshell was prepared based on the previous study. [10] The eggs obtained were rinsed thoroughly with distilled water several times. The contents of the egg are poured out. The inner and outer eggshell membrane are carefully separated using forceps and stored for further process. The shells were then crushed to a particle size of 1mm diameter. The eggshell powder is then rinsed thoroughly with distilled water with continuous agitation for one hour at 37 0 C. It is further packed and autoclaved at 136 0 C for 18 mins to remove the spores and other bacterial contamination.
Preparation of eggshell membrane
After extraction of the membrane from the walls of the egg, the membrane is washed thoroughly with 1% acetic acid solution for 10 mins, rinsed with distilled water and dried at 37 0 C for 24 hours. The dried membrane which were obtained as sheets were packed and sterilized with ethylene oxide.
Results
The results of postoperative healing were eventful during the experimental period. There was no foreign body or allergic reactions to the materials. Histological evaluation showed intensive new bone formation on both the sides of the defect which indicates the activity of osteoblasts, but more bone formation was noted in the control group [ Figure 1 ]. Considering inflammation, there were no signs of any inflammatory mediators like eosinophils noted. The defect was completely filled and healing was noted in both the defects. Most connective tissue was observed surrounding the defect in the control test group rather than the control group [ Figure 2 ]. A minimal amount of epithelial entrapment was noted in both the groups. This entrapment resulted in more voids in the control group. There was no significant difference observed between the comparisons when epithelial entrapment was considered. Most connective tissue was found in the test group. Bone particles were gradually resorbed and replaced by new bone.
Discussion
In this study, chicken eggshell membrane was shown to be a good interposition material and chicken eggshell powder to be an effective graft material when used in the rat mandible experimental osteotomy. Eggshell membrane discouraged epithelial migration thereby helping in osteoblast proliferation and neovascularization.
Various materials based on calcium carbonate have been widely used in many studies as a bone graft material and showed varying results. [13] [14] [15] [16] [17] [18] In this study, chicken eggshell was used as a graft material due to its various biological properties like chemical nature and biocompatibility which are closely related to the structure of the host bone.
A one-year study done on the resorption kinetics on eggshell showed that particle size plays a crucial role in determining the complete resorption and kinetic degradation capacities. [10] Similarly, in evaluating the ostrich eggshell powder in rabbits, it was reported that smaller the particle size, the less is the bone formation and vice versa. [14] This is in agreement with our study where larger particle size was used and a good amount of bone formation has resulted.
Major expectations when a new graft material used, was its healing and induction of new bone formation. The results from the present study did not show any inflammatory signs nor necrosis of bone, which is in agreement with another study. [31] Hence, it suggests the eggshell powder is biocompatible as a graft material. Considering the osteoinductive nature of the eggshell graft material, the eggshell graft material showed a similar amount of regenerated bone on defects site when compared to an osteoinductive material used as a control which supports the results of another study. [31] These findings are inconsistent with the results of other studies. [10, 13, 14, 18] 
Conclusion
Within the limits of our study, it can be concluded that eggshell powder along with membrane can be used as a potential graft material for intra-bony defects. Further studies are needed to assess the applications of the materials in clinical settings. 
